Phenetic data on over 600 aerobic, heterotrophic, aquatic bacteria from a freshwater fish farm were collected and examined by numerical taxonomy procedures using 124 unit characters. Reference cultures representing 36 taxa were included in the analyses. The data were examined using the simple matching (SsM) and Jaccard (S,) coefficients, and clustering was achieved using unweighted average linkage. At similarity values of 70% or above as defined with the S, coefficient, 82% of the environmental isolates were recovered in 14 major and 56 minor phena. The major phena were equated with Acinetobacter calcoaceticus, Aeromonas hydrophila, Aeromonas salmonicida, Alcaligenes sp., coryneforms, Enterobacter aerogenes, Escherichia coli, Hafnia alvei, Pseudomonas fluorescens, Pseudomonas spp. (two groups), Serratia sp., Vibrio fluvialis and Yersinia sp. The minor phena comprised Agrobacterium, Arthrobacter, Bacillus, Bordetella, Cytophaga, Erwinia, Flavobacterium, Flexibacter, Klebsiella, Micrococcus, Moraxella, Staphylococcus and Vibrio. Aeromonas salmonicida was recovered only from moribund and dead rainbow trout (Salmo gairdneri) during an outbreak of furunculosis. In contrast, coryneforms (phenon 2) and Alcaligenes (phenon 14) were found exclusively in water samples.
6 -, unknown.
Heat-fixed smears of the pure cultures were stained, using Hucker's modification of the Gram stain (Hucker & Conn, 1923) , and the stained preparations examined microscopically. After purification, the cultures were inoculated on to TSA slopes. Original stock cultures were maintained at -20 "C in 8% (v/v) glycerol, prepared in tryptone/soya broth. Subcultures of the working bench cultures were prepared every six weeks. The source of the 677 environmental isolates is given in Table 1 . It should be emphasized that no attempt was made to isolate anaerobic organisms.
Rejerence cultures. The 45 reference cultures (Table 2) were maintained as described above.
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Collection of data. Each isolate was examined for 124 unit characters (see Tables 3 and 4) , as described previously by Allen et al., (1983) . The tests were generally done once, but were repeated when inconclusive results were obtained. Wherever possible, TSA was used as the basal medium and all inoculated media were incubated at 22 "C for 14 d before results were recorded. Fifty cultures were examined in duplicate to assess test error.
Coding of data and computer analyses. The data were reduced to 124 mutually exclusive binary character states. The final n x t matrix contained data for 722 organisms and 124 unit characters. Similarities between strains were calculated using the simple matching ( S S M ; Sokal & Michener, 1958) and Jaccard ( S J ; Sneath, 1957) coefficients. Sorted similarity matrices and dendrograms were obtained using the unweighted average linkage algorithm (Sneath & Sokal, 1973) .
Determination of the DNA base composition. The guanine plus cytosine (G + C) content of purified DNA prepared from representative organisms (Marmur, 1961) , was determined by measurement of the thermal denaturation temperature, T, (Marmur & Doty, 1962 ) using a Pye Unicam SP 1800 recording spectrophotometer at 260 nm, programmed for temperature increases of 1.0 "C min-I. Molar percentage G + C was calculated from the T,,, using the equation of De Ley (1970) .
IdentiJication of the environmental isolates. Phena not containing reference cultures were identified as far as possible using the diagnostic keys in Bergeys Manual of Determinative Bacteriology (Buchanan & Gibbons, 1974) , tables of Cowan (1974) 
R E S U L T S
Examination of data by the SJ and S,, coeficients Results using the S, coefficient were confirmed with the S,, coefficient and indicated that 556 environmental isolates, 82% of the total, and the reference cultures of Acinetobacter calcoaceticus, Aeromonas hydrophila, Aer. punctata subsp. caviae, Aer. salmonicida, 'Aer. sobria', Alcaligenes faecalis, Bacillus cereus, Bac. megaterium, Enterobacter aerogenes, Escherichia coli, Flavobacterium esteraromaticum, Hafiia alvei, Pseudomonas Juorescens, Ps. putida, Serratia liquefaciens and Ser. marcescens were recovered in 70 clusters defined at or above the 70% similarity (S) level (Fig. 1) 
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Phenon 31 consisted of 16 environmental isolates and the reference culture of Hafnia alvei.
The G + C value of a representative strain (H750) was 54-3 ~f: 0.3 mol%.
Phenon 32 contained 7 isolates and the reference cultures of Serratia marcescens (2 strains) and Ser. liquefaciens. This group possessed most of the diagnostic traits of Serratia (Sakazaki, 1974) , except that lysine and ornithine decarboxylases were not produced.
Phenon 33, with 10 isolates, was assigned to the genus Yersinia (Cowan, 1974; Mollaret & Thal, 1974) . These Gram-negative fermentative rods, which produced catalase but not oxidase, were motile by peritrichous flagella. They shared some of the attributes of Y . pseudotuberculosis, namely positive responses for the methyl red test and degradation of aesculin, but negative reactions for degradation of gelatin, phenylalanine deaminase, indole production, arginine dihydrolase, lysine decarboxylase and utilization of sodium citrate. However, in contrast to this species description, they utilized sucrose, and did not reduce nitrate or degrade urea.
Phenon 43, with 36 environmental isolates, was identified with the genus Pseudomonas (Stanier et al., 1966; . However, fluorescent pigments and arginine dihydrolase were not produced, neither was gelatin degraded. The G + C content of a representative strain (H769) was 62.4 f 0.3 mol% ( Table 4) .
Phenon 45, with 15 isolates, was also identified as Pseudomonas sp. (Stanier et al., 1966; . These organisms were similar to those of phenon 43, except that they produced ornithine decarboxylase and phosphatase, and degraded blood, DNA, gelatin and lecithin (Table 4) .
Phenon 46 contained 18 isolates and the reference cultures of Ps. JIuorescens and Ps. putida. From their phenotypic and genotypic traits, the organisms possessed the diagnostic characteristics of Ps. JIwrescens (Stanier et al., 1966; .
Phenon 47 comprised 151 environmental isolates and the reference cultures of Aeromonas hydrophila (2 strains), Aer. punctata subsp. caviae and 'Aer. sobria'. The organisms matched the description of Aer. hydrophila (Schubert, 1974 Minor phena Twenty-five per cent of the environmental isolates were recovered in 46 minor phena. The characteristics of these may be obtained from the authors. The unidentified phena were mainly labelled on the basis of pigmentation or the Gram-staining reaction (Fig. 1) ; the identified phena are considered below.
Phena 1 and 7 contained small readily decolorized, pleomorphic Gram-positive rods, which demonstrated rudimentary branching or characteristic 'V'-formations, and were tentatively identified as coryneforms (Keddie, 1978) .
Phenon 3 comprised oxidative, non-motile, Gram-positive cocci, which matched the description of Micrococcus roseus (Baird-Parker, 1974a) . Nitrate was reduced, and catalase but not oxidase was produced. Growth occurred in 5 % (w/v) sodium chloride. Casein, gelatin and Tween 20,40,60 and 80 were not degraded. Calcium lactate, sodium acetate, sodium glutamate and sodium pyruvate but not sodium citrate or sodium succinate were utilized as sole carbon sources. The strains were sensitive to novobiocin.
Phenon 4 possessed the key characteristics of Micrococcus varians (Baird-Parker, 1974a ). Thus, the organisms were Gram-positive, oxidative, non-motile cocci, which produced catalase but not indole, and were resistant to novobiocin. Sodium acetate and sodium glutamate but not calcium lactate were utilized as the sole source of carbon for energy and growth.
Phenon 5 contained orange-pigmented, motile, Gram-positive rods which were irregularly shaped in young culture, i.e. at 24 h, but became coccoid after 72 h. The rods could be readily decolorized, in which case the Gram-negative vegetative cell appeared to contain Grampositive granules. They were identified as Arthrobacter sp. (Keddie, 1974 (Keddie, , 1978 Phenon 10 possessed the key characteristics of Acinetobacter (Page1 & Seyfried, 1976) . Thus, the organisms were fairly unreactive Gram-negative non-motile rods which produced catalase but not oxidase, indole or hydrogen sulphide, were negative for the Voges-Proskauer reaction, and were resistant to penicillin G .
Phena 11 and 12 corresponded to the description of Alcaligenes denitr@cans, i.e. group A1 of Kiredjian et al. (198 1) . The organisms reduced nitrate, and did not produce /3-galactosidase or degrade aesculin, DNA, gelatin, starch or Tween 80. DL-a-Alanine, calcium lactate, L-proline, sodium acetate, sodium butyrate, sodium glutamate, sodium pyruvate and sodium succinate but not L( -)-arabinose were utilized as sole carbon sources.
Phenon 13 contained three environmental isolates and the reference culture of Alcaligenes faecalis. Essentially, the characteristics matched those of group B, i.e. Alc. faecalis, of Kiredjian et al. (1981) .
Phena 15 and 19 possessed the diagnostic characters of Moraxella (Lautrop, 1974) . Thus, the organisms were small, non-motile, Gram-negative rods which produced catalase and oxidase but not indole or hydrogen sulphide. Some strains reduced nitrate. The Voges-Proskauer reaction and phenylalanine deaminase tests were negative. Blood and urea were not degraded. Sodium butyrate was utilized as a sole carbon source. 
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Numerical taxonomy of ,freshwater bacteria (Kiredjian et al., 198 1 ) insofar as the organisms reduced nitrate, and utilized DL-a-alanine, sodium acetate, sodium malate and sodium pyruvate. Neither Q-galactosidase nor phenylalanine deaminase was produced, nor were aesculin, DNA, gelatin, starch or Tween 80 degraded.
Phena 17, 18 and 21 approximated to the description of group C1, i.e. Agrobacterium sp., of Kiredjian et al. (1981) . The organisms were motile, oxidase-and catalase-positive Gramnegative rods, which did not grow in the oxidative-fermentative (OF) test medium. The isolates reduced nitrate, produced P-galactosidase and degraded starch.
Phenon 20 was identified as Bordetella bronchiseptica from the diagnostic schema of Pittman (1974) and Kiredjian et al. (1981) . The isolates were small, motile Gram-negative rods, which were unreactive in the OF test medium. Urea and DNA but not gelatin, starch or Tween 80 were degraded. Some strains reduced nitrate, but Q-galactosidase production was universally negative. DL-a-Alanine, L-leucine, L-proline, L-serine, sodium acetate, sodium butyrate, sodium glutamate and sodium pyruvate but not sodium succinate were utilized as sole carbon sources. However, in contrast to the species description, the organisms degraded aesculin and utilized ethanol.
Gram-positive organisms which produced endospores were identified as Bacillus (Gordon et al., 1973; Gibson & Gordon, 1974; BoeyC & Aerts, 1976) . Phena 22,25 and 26 were equated with Bac. firmus, Bac. megaterium and Bac. pumilus, respectively. Phena 27 and 28 contained the reference cultures of Bac. cereus and Bac. megaterium, respectively.
Gram-positive, non-motile, fermentative, catalase-positive cocci, which were recovered in phena 23 and 24, were identified as Staphylococcus (Baird-Parker, 1974 b) . The organisms recovered in phenon 24 matched the description of St. epidermidis (biotype 4) insofar as they produced yellowish colonies on TSA, reduced nitrate, and were sensitive to novobiocin. Phenon 34 contained non-motile, fermentative, catalase-positive, Gram-negative rods which were identified as Klebsiella sp. (0rskov, 1974). P-Galactosidase but not indole or hydrogen sulphide was produced.
Phenon 35 contained yellow-pigmented, motile, fermentative Gram-negative rods which produced catalase and Q-galactosidase but not indole, hydrogen sulphide, oxidase, phenylalanine deaminase or phosphatase. The methyl red test and Voges-Proskauer reaction were negative. Aesculin, casein, gelatin and Tween 80 were not degraded by any of the isolates. However, D( -)-fructose, D( +)-mannose, D( +)-melezitose, sodium malate and sodium succinate but not inulin, D( -)-ribose, mannitol, adonitol, sodium benzoate or sodium citrate were utilized as the sole source of carbon. Thus, the organisms were identified as Erwinia stewartii (Lelliott, 1974) .
Phenon 36 comprised red-pigmented, motile, fermentative, Gram-negative rods which produced catalase and Q-galactosidase but not oxidase or phenylalanine deaminase, and were therefore equated with Serratia (Sakazaki, 1974) . The isolates were distinct from the reference cultures of Ser. liquefaciens and Ser. marcescens and may, therefore, represent a new species.
Yellow-pigmented, non-motile, oxidative, catalase-and oxidase-positive Gram-negative rods were recovered in phena 38 and 39, and were presumptively identified as Flavobacterium (Weeks, 1974) .
Phena 41, 42 and 44 contained isolates possessing the key characteristics of fluorescent Pseudomonas (Stanier et al., 1974; . However, the isolates recovered in phenon 42 and identified as Ps. fluorescens were fermentative for glucose metabolism, a phenomenon which has been reported previously (Austin et al., 1981) .
Phena 48, 50 and 54 to 56 contained fermentative, catalase-and oxidase-positive Gramnegative rods resistant to the vibriostatic compound, 0/129, and were identified as Aeromonas (Schubert, 1974) . Phenon 50 was identified as Aer. hydrophila because the isolates were motile, and produced arginine dihydrolase and ornithine decarboxylase, but not hydrogen sulphide. Casein and gelatin were degraded, and serine was used as a sole carbon source.
Phena 49 and 57 were tentatively identified as Vibrio (Shewan & Vkron, 1974) because they were motile, fermentative, Gram-negative rods which produced catalase and oxidase, and were sensitive to 0/129.
Phenon 57 was intermediate in characters to the published descriptions of Vibrio anguillarum and V. costicola because of the production of arginine dihydrolase but not lysine or ornithine decarboxylase, or indole. The methyl red test and Voges-Proskauer reaction were positive, and growth occurred in the absence of sodium chloride.
Yellow-or orange-pigmented Gram-negative rods, which demonstrated gliding motility, were assigned to the Cytophaga-Flexibacter group (Christensen, 1977) . These organisms were recovered in phena 52, 59 to 61, and 63 to 69. Phenon 52 contained isolates which possessed intermediate characters between Cytophaga and Flexibacter. They were fermentative, produced catalase, and degraded gelatin but not chitin or starch. D(+)-Galactose and sucrose were not utilized. The isolates recovered in phenon 59 were equated with Cyt. hutchinsonii. They grew in the OF test medium without production of acid, produced catalase and oxidase, were sensitive to chloramphenicol, and degraded chitin, gelatin and starch. Growth occurred between 4 and 37 "C. Calcium lactate, sodium acetate and sodium malate were not utilized. The strains in phenon 60 were identified as Cyt. salmonicolor. Thus, they degraded starch but not agar, Miscellaneous isolates One hundred and twenty-one (18%) of the isolates were not recovered in any of the phenetic groups. The unclustered organisms included 28 Aeromonas-Vibrio spp., 17 AcinetobacterMoraxella spp., 21 Bacillus spp., 1 1 coryneforms, 16 Flavobacterium spp., 1 1 Micrococcus spp., 10 Pseudomonas spp. and 17 unidentified Gram-negative rods.
Reproducibility of results
The inclusion of 50 duplicate cultures in the analyses enabled experimental test error to be estimated. The probability ( p ) of an erroneous result averaged 3-3%, equal to an observed SSM value of about 93% between duplicate strains.
Characters associated with the phena
Characters potentially useful for the discrimination of the phena are shown in Table 5 .
Distribution of the isolates among the samples
The greatest diversity in the bacterial microflora was recorded during June to August, when the bacterial numbers were greatest and the water temperatures were between 14 and 20 "C. During this period, representatives of 61 phenetic groups were recovered from the environmental samples (Table 6) .
Some degree of specificity was noted. Thus, reservoir sediment was comprised largely of Gram-positive taxa, namely Bacillus cereus (phenon 27), Bac. Jirmus (phenon 22), Bac. meguterium (phena 25 and 28), Bac. pumilus (phenon 26) and coryneforms (phenon 1). In contrast, reservoir water was the exclusive source of Acinetobacter sp. (phenon 10) and Numerical taxonomy of freshwater bacteria Flexibacter aggregans (phena 66, 68 and 69) . A large number of taxa were common to the fish farm environment, being isolated from water, fish, algae and plankton, but not from the reservoir (Table 6 ).
DISCUSSION
The results from this study have demonstrated that numerical taxonomy procedures can effectively record variation in the bacterial microflora of fresh water. It is appreciated that test error may distort the results (Sneath & Johnson, 1972) , and that even the commonly used tests, such as oxidase production, are not always reliable (Sneath & Collins, 1974) . However, in environmental studies, there are special problems which are due to changes occurring after subculture in the laboratory (Austin et al., 1979; Austin, 1982) .
The reference cultures of only 16 taxa were recovered in defined phena. This observation illustrates the difficulty in selecting named cultures for the identification of taxa in analyses of large mixed populations of bacteria, as well as the notorious 'atypical' character of type cultures when compared with fresh isolates. However, as more becomes known about the composition of the freshwater microflora, the choice of suitable reference cultures should become easier.
It should be noted that the genera represented in this study have been recovered previously from the freshwater environment (Rheinheimer, 1976; Hazen et al., 1978; Thurner & Busse, 1978; Holder-Franklin et al., 1981 ; Lee et al., 1981) . Therefore, it is unlikely that the fish farm produced a major imbalance in the composition of the bacterial microflora. The widespread distribution of Aeromonas hydrophila in fresh water observed in this study is in good accord with results of previous studies (Hazen et al., 1978; Holder-Franklin et al., 1981) . However, this is in marked contrast to Aer. salmonicida, which has been found only in fish (Cornick et al., 1969) .
Certainly, some of the micro-organisms isolated in this study may have been derived from external sources, namely Arthrobacter, Agrobacterium and Bacillus, which are normally associated with soil and sediment (Boeyk & Aerts, 1976; Alexander, 1977) . Others, such as the coliform bacteria, are associated with faecal contamination, and the presence is considered indicative of water quality, although the value of coliform as indicators of water quality is being questioned (Austin et al., 1981) .
Many of the taxa isolated in this study have been associated with the normal microflora of fish. Thus, Acinetobacter, Aeromonas hydrophila, Bacillus spp., Enterobacter spp., Escherichia coli, Flexibacter spp., Hafnia aluei, Micrococcus spp., Pseudomonas spp., Serratia spp. and Staphylococcus spp. have been found on the surface or in the intestines of freshwater salmonid fish (Trust & Sparrow, 1974; Christensen, 1977 : Ugajin, 1979 . However, it is not known if these organisms colonize fish or are merely temporary inhabitants.
Many of the Aeromonas isolates, such as those contained in phena 48, 50, and 54 to 56, were identified solely on the basis of a few 'key' characters and could be mistaken for Aer. hydrophila (phenon 47) and Aer. salmonicida (phenon 53). Such diverse groupings of freshwater aeromonads have been reported already and it has been suggested that the taxonomy of the genus should be re-evaluated to provide proper recognition of new species of Aeromonas (Holder-Franklin et al. ,
1981).
The presence of both reference cultures of PseudomonasJiuorescens and Ps. putida in the same cluster, i.e. phenon 46, is disquieting. However, detailed taxonomic studies on Pseudomonas suggest that the distinction between these taxa is less well defined than that of other fluorescent pseudomonads, notably Ps. aeruginosa (Stanier et al., 1966; Sneath et al., 1981) (Schubert, 1974) , but matches Pseudomonas .
More serious problems envelop the taxonomy of Acinetobacter and Cytophaga-Flexibacter. The former is heterogeneous and requires clearer delineation of species (Page1 & Seyfried, 1976 ).
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The distinction between the genera Cytaphaga and Flexibacter is clouded and requires examination (Christensen, 1977) . In the present study, five distinct phena matched the description of Fle. aggregans.
In conclusion, it is recognized that there are many problems associated with the taxonomy of bacteria isolated from the freshwater environment. Nevertheless, the results of this study have made it possible to select strains objectively for related ecological studies. Similarly, by identifying characters useful in keying out the major taxa found in the fish-farming system, it will be possible to monitor bacterial populations in fresh water, as well as their responses to seasonal factors, disease cycles and human influences, such as introduction of anti-microbial compounds. The increased attention being paid to limniculture will necessitate information about the microbial ecology of these systems, if production is to be guaranteed and the harvests increased.
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